Introduction {#s1}
============

Hematopoietic stem cells (HSCs) are a rare population of cells that can support life-long hematopoiesis, that are characterized by the unique capacity to self-renew and differentiate into all blood cell lineages. HSCs reside in the specific microenvironment known as the niche in the adult bone marrow (BM). The niche is thought to be located on the surface of trabecular bones or near the marrow sinusoids, and osteoblasts or endothelial cells serve as the niche for HSCs [@pone.0050849-Zhang1]--[@pone.0050849-Calvi1]. Side population (SP) phenotype defined as the activity of Hoechst 33342 dye efflux is one of the hallmarks of quiescent HSCs in the BM niche [@pone.0050849-Goodell1]--[@pone.0050849-Goodell2], and it has been shown that many of the quiescent HSCs reside in c-Kit^+^Sca-1^+^Lineage^-^ (KSL)-SP population. Interestingly, quiescent HSCs move from SP to a main population (MP) of non-SP cells, which represents transient amplifying multipotent progenitors, when they are recruited into the cell cycle upon myelosuppressive stimuli such as 5-fluorouracil (5-FU) treatment [@pone.0050849-Arai1].

Roundabout (Robo) family proteins are immunoglobulin-type receptors that play critical roles in cellular migration and pathway findings of neurons [@pone.0050849-Wong1]--[@pone.0050849-Rajagopalan1]. Robo receptors elicit intracellular signals to modulate cell motility by binding to the cognate ligand, Slit proteins [@pone.0050849-Brose1]. Although many of the Robo-Slit functions have been analyzed in neuronal systems, some reports described their critical roles in lymphocyte migration [@pone.0050849-Wu1] and tumor angiogenesis [@pone.0050849-Wang1]. In a search for molecules specifically expressed in HSCs, we found that Robo4, the forth member of Robo family, is highly expressed in HSCs and suggested its role in the regulation of their side population phenotype [@pone.0050849-Shibata1]. We have also shown that Slit2 is specifically induced in osteoblasts in the BM in response to myelosuppressive stimuli, suggesting that Slit2 may play a role in recruiting quiescent HSCs into the cell cycle.

Analysis of Robo4-deficient mice is necessary in order to elucidate the physiological role of Robo4 in vivo. We herein show that Robo4 is not absolutely required for homeostasis of hematopoietic stem/progenitor cells and mature hematopoietic cells in steady-state settings. Importantly, complete blood cell counts, differentiation profile of peripheral blood and bone marrow cells, and HSC/hematopoietic progenitor (HPC) frequencies were perfectly normal in Robo4^−/−^ mice as compared to wild-type. Moreover, Robo4^−/−^ HSCs were similarly competitive as wild-type HSCs in transplantation assays and could repopulate the marrow for long-term to the same level as wild-type HSCs. On the other hand, BM homing and mobilization of HSCs were significantly impaired in Robo4^−/−^ mice. Some of our data are in clear contrast to the recent report showing decreased HSC frequency and impaired long-term repopulating (LTR) activity of HSCs in Robo4-deficient mice [@pone.0050849-SmithBerdan1]. Discrepancies between these two data call further investigation to elucidate precise roles of Robo4 in HSC functions.

Materials and Methods {#s2}
=====================

Mice {#s2a}
----

C57BL/6 (B6) mice were from Japan CLEA Inc. (Tokyo, Japan), and B6-Ly5.1 mice were from Sankyo Lab Service Co. (Tsukuba, Japan). Robo4-deficient mice were described previously [@pone.0050849-Jones1]--[@pone.0050849-Jones2] and were backcrossed to C57BL/6 more than 7 times before performing experiments. All mice were kept under specific pathogen-free conditions. Mice from 8- to 12-weeks old were used in all experiments. All animal experiments were reviewed and approved by the Internal Review Board of the Institute of Medical Science, the University of Tokyo and by the committee of animal use and care of Keio University School of Medicine.

Antibodies {#s2b}
----------

Anti-mouse c-Kit-APC, Sca-1-FITC, Sca-1-PE-Cy7, Flt3-PE and CD34-FITC antibodies were from BD-Pharmingen. Other lineage-specific antibodies (anti-CD3, CD4, CD8, CD11b, Gr-1, CD41, CD43, B220, Ter119) were purchased from e-Bioscience. Anti-Robo4 antibody was described previously [@pone.0050849-Shibata1].

Flow Cytometry {#s2c}
--------------

BM cells were obtained by flushing out femurs and tibias from 8- to 12-week-old mice with phosphate-buffered saline (PBS). Depletion of lineage-positive cells, staining and FACS sorting of KSL, CD34^−^KSL, CD34^−^Flt3^−^KSL, CD34^+^Flt3^−^KSL, CD34^+^Flt3^+^KSL cells were described previously [@pone.0050849-Nakajima1], [@pone.0050849-Ema1]. Hoechst staining of lineage-depleted cells for the analysis of KSL-SP or KSL-MP was performed as previously described by Goodell et al. [@pone.0050849-Goodell1]. Stained cells were analyzed by FACS Aria or FACS Vantage (Beckton Dickinson).

Colony-forming Cell Assay {#s2d}
-------------------------

For the colony-forming cell assay, BM mononuclear cells were deposited into MethoCult GF M3434 (Stem Cell Technologies), mixed, and were plated onto Petri-dish in triplicate. Number and type of colonies were assessed at day 7 of culture.

Mobilization of Hematopoietic Progenitors to Peripheral Blood {#s2e}
-------------------------------------------------------------

Wild-type or Robo4-mutant mice were treated with granulocyte-colony stimulating factor (G-CSF) (250 µg/kg, s.c.) for 5 days. Cells were harvested from BM or peripheral blood (PB) at 6 hours after the last dose of G-CSF, and the numbers of hematopoietic progenitors (CFU-GM) were assessed by colony assays.

Bone Marrow Transplantation {#s2f}
---------------------------

Bone marrow transplantation was performed as previously described [@pone.0050849-Nakajima2] using B6-Ly5.1 mice (Sankyo Lab Service Co.) as recipients and competitors. For competitive repopulation assay, 100 CD34^−^KSL cells for each group were sorted from BM mononuclear cells of WT or Robo4-mutant mice (Ly5.2) and transplanted with 2×10^5^ competitor cells (Ly5.1) into lethally irradiated recipient mice (Ly5.1).

In vivo Homing Assay {#s2g}
--------------------

1×10^7^ bone marrow mononuclear cells (BMMNCs) were harvested from wild-type or Robo4-mutant mice and were transplanted into lethally irradiated (950 rads) recipients. 48 hours after the transplant, BM cells were taken from the recipient femurs and were subjected to colony assays. Alternatively, 1×10^4^ c-Kit^+^Lin^−^ cells were sorted from WT- or Robo4^−/−^ BM cells and were labeled with CSFE for 5 minutes at room temperature. Labeled cells were then transplanted into lethally irradiated recipient mice. 16 hours after transplantation, BM cells were harvested from recipient mice and analyzed for CSFE-positive cells by flow cytometry.

RT-PCR {#s2h}
------

PolyA^+^ mRNA was extracted from BM cells using a Micro-FastTrack 2.0 Kit (Invitrogen). Synthesis of complementary DNA and standard RT-PCR was performed as previously described [@pone.0050849-Nakajima1]. Quantitative RT-PCR was performed as described previously using ABI StepOne Plus real-time PCR system (Applied Biosystems) [@pone.0050849-Nakajima1]. cDNA quantity was normalized by the level of GAPDH as an endogenous control. Primer sequences were previously described [@pone.0050849-SmithBerdan1].

Statistical Analysis {#s2i}
--------------------

Statistical analyses were performed using unpaired Student's t-test. P-values less than 0.05 were regarded as statistically significant.

Results {#s3}
=======

Disruption of Robo4 does not Affect the Frequency of Hematopoietic Stem and Progenitor Cells in the BM {#s3a}
------------------------------------------------------------------------------------------------------

To investigate physiological roles of Robo4 in hematopoiesis, we analyzed Robo4-deficient mice to see if there were any defects in the function of HSCs/HPCs. As previously reported, Robo4-deficient mice exhibited complete loss of the mRNA and the protein, and importantly, the expression of other Robo-family members (Robo1, Robo2, Robo3) was not affected by Robo4 disruption in non-hematopoietic tissues and spleen [@pone.0050849-Jones1]. We have also confirmed the loss of Robo4 in Robo4^−/−^ HSC/HPC fraction by RT-PCR and flow cytometry ([Figure S1A](#pone.0050849.s001){ref-type="supplementary-material"}, B and C). Notably, compensatory up-regulation of other Robo family members was not observed in Robo4^−/−^ KSL cells ([Figure S1D](#pone.0050849.s001){ref-type="supplementary-material"}). It was reported that CXCR4 was up-regulated in Robo4^−/−^ HSCs [@pone.0050849-SmithBerdan1] and we confirmed this data by quantitative RT-PCR ([Figure S1E](#pone.0050849.s001){ref-type="supplementary-material"}).

Next we examined basic hematological parameters of Robo4-deficient mice. The results showed that the complete blood cell counts were not statistically different between WT and Robo4-deficient animals ([Table 1](#pone-0050849-t001){ref-type="table"}). In addition, flow cytometric profiles of the BM, spleen and thymus were completely normal in Robo4^−/−^ mice as compared to WT, indicating that Robo4 is not required for the differentiation of myeloid, erythroid/megakaryocytic, and lymphoid lineages ([Figure S2](#pone.0050849.s002){ref-type="supplementary-material"}, [S3](#pone.0050849.s003){ref-type="supplementary-material"}, [S4](#pone.0050849.s004){ref-type="supplementary-material"}). Colony assays revealed that the numbers of committed progenitors such as colony forming unit-granulocyte macrophage (CFU-GM), burst forming unit-erythroid (BFU-E) and erythroid-mix (E-mix) in the BM or spleen were not significantly different between WT and Robo4-mutant animals ([Figure S5](#pone.0050849.s005){ref-type="supplementary-material"}).

10.1371/journal.pone.0050849.t001

###### Complete blood cell count of Robo4-mutant mice.

![](pone.0050849.t001){#pone-0050849-t001-1}

                        +/+          −/−
  ----------------- ------------ ------------
  WBC (×10^2^/µl)    131.5±22.1   126.4±17.6
  Hb (g/dl)           16.6±1.2     17.3±2.1
  PLT (×10^4^/µl)    60.3±21.0    59.3±23.8

Data are mean +/− S.D. (n = 5 for each genotype).

We have previously reported that Robo4 is highly expressed on HSCs [@pone.0050849-Shibata1], and therefore speculated that disruption of Robo4 might have impacts on their physiological function and homeostasis. Unexpectedly however, the frequencies of long-term (LT)-HSCs (CD34^−^Flt3^−^KSL), short-term (ST)-HSCs (CD34^+^Flt3^−^KSL) and multipotent progenitors (MPPs) (CD34^+^Flt3^+^KSL) as well as KSL and Lin^−^ cells were not significantly different between WT and Robo4-deficient animals ([Figure 1A and B](#pone-0050849-g001){ref-type="fig"}). In addition, the percentages of SP or MP fraction in KSL cells were normal in Robo4-mutant animals as compared to WT ([Figure 1C](#pone-0050849-g001){ref-type="fig"}).

![Frequency of hematopoietic stem and progenitors in wild-type and Robo4-mutant mice.\
(A) Actual numbers of long-term (LT)-HSCs (CD34^−^Flt3^−^KSL), short-tem (ST)-HSCs (CD34^+^Flt3^−^KSL), multipotent progenitors (MPPs; CD34^+^Flt3^+^KSL), KSL and lineage negative (Lin^−^) cells in WT or Robo4-deficient mice (mean+/−S.D., n = 5). (B) Representative FACS figures for LT-HSC, ST-HSC and MPP. (C) Frequencies of KSL-SP and KSL-MP cells in WT or Robo4-mutant mice (mean+/−S.D., n = 3). Representative FACS figures are shown on the left.](pone.0050849.g001){#pone-0050849-g001}

These results clearly demonstrate that disruption of Robo4 has no or little, if any, impact on hematopoietic differentiation and the frequencies of LT-HSCs, ST-HSCs and MPPs as well as committed progenitors in the BM.

Disruption of Robo4 does not Affect the Long Term Repopulating Capacity of HSCs {#s3b}
-------------------------------------------------------------------------------

We next investigated whether the LTR capacity was impaired in Robo4^−/−^ HSCs. We sorted one hundred CD34^−^KSL cells from the BM of WT or Robo4-mutant mice by flow cytometry, and transplanted them into lethally irradiated recipients with 2×10^5^ competitor cells. As shown in [Figure 2](#pone-0050849-g002){ref-type="fig"}, Robo4^−/−^ CD34^−^KSL cells showed significantly reduced engraftment at 4-weeks after transplantation as compared to WT. However, donor chimerism in PB at longer time points (8-, 12- and 28-weeks after transplantation) was not statistically different between WT, Robo4^+/−^ and Robo4^−/−^ cells. Of note, donor cells of each genotype showed efficient multi-lineage differentiation including myeloid, B and T lineages, again confirming that the differentiation potential was not affected by the loss of Robo4 (data not shown). These data clearly indicate that the disruption of Robo4 may partially impair short-term repopulating potential of HSCs, but it scarcely affects their overall LTR capacity.

![Long-term repopulation assay of HSCs.\
One hundred CD34^−^KSL cells from WT or Robo4-mutant mice (Ly5.2) were transplanted into lethally irradiated recipients (Ly5.1) with 2×10^5^ competitors. Percentage of donor chimerism (Ly5.2) in peripheral blood was examined at the indicated time points. Data are shown as mean +/− S.D. (n = 6 for WT and H, n = 8 for KO). \*p\<0.05. WT; wild-type, H; heterozygous, KO; knockout.](pone.0050849.g002){#pone-0050849-g002}

A Role of Robo4 in Homing of Hematopoietic Stem/Progenitor Cells to the Bone Marrow {#s3c}
-----------------------------------------------------------------------------------

Since Slit-Robo signaling plays a critical role in cellular migration, we speculated that Robo4 might be important for regulating homing of HSCs/HPCs to the BM. This hypothesis was strengthened by our previous observation that Slit2, a natural ligand for Robo4, was expressed exclusively in osteoblasts in the BM, a critical component of HSC niche. In order to test this hypothesis, we performed BM homing assay using the BM cells from WT and Robo4-mutant mice. In this assay, 1×10^7^ BM mononuclear cells were transplanted into lethally irradiated recipients and the number of HSCs/HPCs homed in the recipient's marrow 48-hours after the transplant was examined by colony assay ([Figure 3](#pone-0050849-g003){ref-type="fig"}). The advantage of this assay was the frequencies of HSCs/HPCs and committed progenitors homed in the BM can be assessed simultaneously by the numbers of colony forming unit (CFU)-mix and CFU-granulocyte/macrophage (GM)/burst forming unit-erythroid (BFU-E), respectively. Interestingly, the homing frequency of Robo4^−/−^ HSCs/HPCs as assessed by CFU-mix was significantly lower than WT ones, while the number of committed progenitors such as CFU-GM or BFU-E was not significantly different between WT and Robo4-mutant cells. We have also analyzed the homing efficiency of Robo4^−/−^ HSCs/HPCs by labeling cells with CSFE-dye. Again, this revealed that Robo4 disruption reduced BM homing efficiency of HSCs/HPCs, even more drastically at shorter time point (16 hours) after transplantation ([Figure S6](#pone.0050849.s006){ref-type="supplementary-material"}).

![Bone marrow homing capacity of hematopoietic progenitors from Robo4-mutant mice.\
1×10^7^ BM mononuclear cells (BMMNCs) were harvested from WT or Robo4-mutant mice and were transplanted into lethally irradiated recipients. 24 hours after the transplant, BM cells were harvested from the recipient femurs and were subjected to colony assays. GM; colony forming unit (CFU)-granulocyte/macrophage, BFU-E; burst forming unit-erythroid, CFU-mix; colony forming unit-mix. Data are mean +/− S.D. (n = 6). \*p\<0.05. BM cells taken from the mice that had not been transplanted (negative control) did not generate colonies (data not shown).](pone.0050849.g003){#pone-0050849-g003}

Taken together, these data suggest that Robo4 plays a role in the BM homing of HSCs/HPCs, but is dispensable for that of committed progenitors.

A Role of Robo4 in Peripheral Mobilization of Hematopoietic Progenitors from the BM {#s3d}
-----------------------------------------------------------------------------------

Given a role for Robo4 in the homing of HSCs/HPCs into the BM, we speculated that it may also play a role in the complementary process, HSC/HPC mobilization into the PB. To mobilize HSCs/HPCs from the BM, G-CSF was subcutaneously administered to WT and Robo4-mutant mice, and the number of mobilized progenitors in peripheral circulation was assessed by colony assays. As shown in [Figure 4](#pone-0050849-g004){ref-type="fig"}, treating mice with G-CSF for 5-days increased the number of progenitors in PB of WT and Robo4-mutant mice. Interestingly, however, the number of progenitors mobilized to PB was slightly, but significantly lower in Robo4^−/−^ animals as compared to WT. It is of note that the number of progenitors in the BM after the G-CSF treatment was not significantly different between WT and Robo4-mutant mice.

![Mobilization of hematopoietic progenitors by G-CSF treatment.\
WT or Robo4-mutant mice were treated with G-CSF for 5days. BM and peripheral blood (PB) were harvested at 6 hours after the last dose of G-CSF, and the numbers of CFU-GM per 1×10^5^ BM or PB cells were assessed by colony assays. Data are mean +/− S.D. (n = 6). \*p\<0.05.](pone.0050849.g004){#pone-0050849-g004}

These data suggest that Robo4 may be involved in, but is not absolutely essential for the peripheral mobilization of HSCs/HPCs from the BM.

A Role of Robo4 in the Emergency Hematopoiesis {#s3e}
----------------------------------------------

The data so far indicate that Robo4 is not required for steady-state hematopoiesis, but may play a role in short-term BM repopulation, homing, and peripheral mobilization of HSCs/HPCs. Another aspect of hematopoietic regulation can be tested in the emergency settings, such as recovery from BM suppression. To assess emergency hematopoiesis, we transiently suppressed hematopoiesis by treating mice with 5-fluorouracil (5-FU), and monitored the recovery of complete blood cell counts. As shown in [Figure 5](#pone-0050849-g005){ref-type="fig"}, suppression of white blood cell and platelet counts and recovery from the nadir was not significantly different between WT and Robo4^−/−^ mice at all time points studied. These data suggest that Robo4 is not required for emergency hematopoiesis in response to myelosuppression.

![BM recoveries after myelosuppression.\
WT or Robo4^−/−^ mice were treated with intraperitoneal injection of 5-FU (150 mg/kg). WBC (A) and platelet (PLT) (B) count was monitored at the indicated time points. Data are presented as mean+/−S.D. (n = 5).](pone.0050849.g005){#pone-0050849-g005}

Discussion {#s4}
==========

We have previously shown that Robo4 was specifically expressed in murine HSCs and immature progenitor cell fraction, but not in lineage positive cells or differentiated progenitors [@pone.0050849-Shibata1]. We also demonstrated that Slit2 is specifically expressed in osteoblasts and its expression is induced in response to myelosuppressive stress. Furthermore, overexpression of Robo4 or Slit2 in HSCs resulted in their decreased residence in KSL-SP fraction. These results suggested that Robo4/Slit2 signaling plays a role in HSC homeostasis in osteoblastic niche in the BM. This notion is further supported by the observation that Slit/Robo signaling inhibits the function of N-cadherin, a critical component of HSC-osteoblast interaction in the BM niche, in mammalian cells [@pone.0050849-Rhee1].

Based on these findings, we set out to explore physiological function of Robo4 using gene-deficient animals. Unexpectedly, thorough analysis of Robo4^−/−^ mice revealed no obvious difference in the frequencies of HSCs, HPCs or mature hematopoietic cell fractions as compared to the WT. In addition, there was no apparent defect in emergency hematopoiesis in response to myelosuppression. Interestingly, however, we observed slightly decreased BM homing of Robo4^−/−^ HSCs/HPCs as compared to WT, while that of committed progenitors such as CFU-GM or BFU-E were not affected by Robo4 ablation. Furthermore, peripheral mobilization of HSCs/HPCs was slightly, but significantly impaired in Robo4-deficient mice. These data clearly suggest that Robo4 plays a role in the BM trafficking of HSCs/HPCs. The reason for unaffected HSC/HPC frequencies in the Robo4^−/−^ BM despite their defective trafficking is not clear at present. One reason could be that the defects of HSC/HPC trafficking in Robo4-deficient mice are only marginal, which could easily be compensated by other pathways regulating BM trafficking. Another possible reason is that impairments in both homing and mobilization may cancel each other so that net HSC/HPC trafficking into and out of the BM stayed constant. Smith-Berdan et al. have recently reported a critical role of Robo4 in HSC localization to BM niches by examining the same knockout strain as ours [@pone.0050849-SmithBerdan1]. In contrast to our data, they showed that HSC frequency in the BM was decreased in Robo4-deficient mice. They ascribed decreased HSC frequency in the Robo4^−/−^ BM to the defective BM lodgment of Robo4^−/−^ HSCs, although they also observed impaired HSC mobilization in Robo4^−/−^ mice. One reason for the discrepancy between their study and ours might be the genetic background of Robo4-mutant mice, which was the mixed chimera of C57BL/6 and 129/Sv stains [@pone.0050849-Jones1]--[@pone.0050849-Jones2]. We backcrossed the strain onto C57BL/6 more than 7 times before experiments, while Smith-Berdan et al. did not precisely mention the background of Robo4-mutant mice. Irrespective, this issue definitely needs further investigation.

One important finding of the current study is that the LTR-capacity was not impaired in Robo4^−/−^ HSCs. While the initial engraftment of Robo4^−/−^ HSCs at 4-weeks after transplantation was slightly decreased, which was consistent with the slight defect in their BM homing, the fact that Robo4^−/−^ HSCs/HPCs can repopulate the marrow for long-term as efficiently as WT ones clearly suggests that Robo4 is not absolutely essential for the long-term BM repopulation of HSCs. Moreover, percentage of donor chimerism in PB increased over time in the recipients of Robo4^−/−^ HSCs similarly as those of WT HSCs, suggesting that self-renewal capacity of Robo4^−/−^ HSCs was not impaired as well. Again, these data are in sharp contrast to the recent report showing a defective LTR capacity of Robo4^−/−^ HSCs [@pone.0050849-SmithBerdan1]. They showed that the percentage of PB chimerism by Robo4^−/−^ HSCs was well below (approximately one-fifth of) the one by WT HSCs, although it was maintained at the same level at least until 16-weeks post-transplant. The reason for the discrepancies between their study and ours is not clear at present, and further studies will definitely be required to elucidate precise role of Robo4 in maintaining frequency and LTR capacity of HSCs.

In summary, our data clearly show that Robo4 is not required for maintaining HSC frequency in the BM and LTR capacity of HSCs. Further studies will be required to clarify the precise role of Robo4 in HSC homeostasis and functions.

 {#s5}
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###### 

Expression of Robo1, Robo2, Robo3, Robo4 and CXCR4 in Robo4-mutant mice. (A) Genotyping of WT, Robo4^+/−^ and Robo4^−/−^ mice by genomic PCR. (B) Expression of Robo4 in WT, Robo4^+/−^ and Robo4^−/−^ mice by RT- PCR. BM KSL cells were sorted and subjected to the analysis. NC; negative control. (C) Expression of Robo4 by flow cytometry. Indicated fractions of WT or Robo4^−/−^ BM cells were analyzed for the expression Robo4. (D) Expression of Robo1, Robo2 and Robo3 in KSL cells. KSL cells were sorted from Robo4^+/+^ or Robo4^−/−^ mice and subjected to RT-PCR analysis as described in [Materials and Methods](#s2){ref-type="sec"}. PCR was run for 45 cycles. P; positive control (brain), N; negative control. (E) Expression of CXCR4 in KSL cells. KSL cells sorted from Robo4^+/+^ or Robo4^−/−^ BM cells were subjected to RNA extraction and quantitative RT-PCR as described in [Materials and Methods](#s2){ref-type="sec"}. The level of expression is shown relative to the one in Robo4^+/+^ cells (mean+/−S.D., n = 3). Difference was statistically significant by Student's t-test (p\<0.05).

(TIF)

###### 

Click here for additional data file.

###### 

Flow cytometric analysis of bone marrow cells from WT and Robo4^−/−^ mice. BM mononuclear cells were stained and analyzed as described in [Materials and Methods](#s2){ref-type="sec"} using the antibodies shown on the right.

(TIF)

###### 

Click here for additional data file.

###### 

Flow cytometric analysis of spleen cells from WT and Robo4^−/−^ mice. Spleen cells were stained and analyzed as described in [Materials and Methods](#s2){ref-type="sec"} using the antibodies shown on the right.

(TIF)

###### 

Click here for additional data file.

###### 

Flow cytometric analysis of thymocytes from WT and Robo4^−/−^ mice. Thymocytes were stained and analyzed as described in [Materials and Methods](#s2){ref-type="sec"} using the antibodies shown on the right.

(TIF)

###### 

Click here for additional data file.

###### 

Colony assays of bone marrow or spleen cells from WT and Robo4-mutant mice. Colony assays were performed as described in [Materials and Methods](#s2){ref-type="sec"}. Data are shown as number of colonies per 1×10^5^ cells plated (mean+/−S.D., n = 3). GM; colony forming unit (CFU)-granulocyte/macrophage, BFU-E; burst forming unit-erythroid, E-mix; erythroid-mix. KO; Robo4^−/−^, Hetero; Robo4^+/−^.

(TIF)

###### 

Click here for additional data file.

###### 

Bone marrow homing assay of Robo4-mutant cells. Immature hematopoietic cells (c-Kit^+^Lin^-^ cells) were sorted from WT or Robo4^−/−^ BM cells and were labeled with CSFE. Labeled cells were then transplanted into lethally irradiated recipient mice. 16 hours after transplantation, BM cells were harvested from recipient mice and analyzed for CSFE-positive cells by flow cytometry. The data are mean+/−S.D. (n = 3). Difference was statistically significant by Student's t-test (p\<0.05).

(TIF)

###### 

Click here for additional data file.
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